into the nasal cavity. This new orifice bypasses the obstructed nasolacrimal duct and allows tear drainage from the lacrimal sac directly into the nose. DCR may be performed both externally and intranasally. [3] [4] [5] Several investigations have been made in different populations regarding clinical and imaging findings in NCs and concluded that, in both children and adolescents, NC is prone to damage during DCR, inprobing, nasolacrimal complex fractures or endoscopic medial maxillectomy. They reported that anatomical analysis of NC could provide useful information for the surgeons operating in this area. 3, 5, 6 Different studies have investigated the morphometric features of the NC with computed tomography (CT) and concluded it is ideal for evaluating the bony anatomy. Today, CT is being routinely used to evaluate patients who require surgery in this area. But to the best of our knowledge, the radiation dose of CT is higher than cone beam computed tomography (CBCT) and the spatial resolution of CBCT is better than CT because of its smaller voxel size. Smaller thickness sizes have also been observed on CBCT compared with CT. We could not come across studies investigating this anatomic landmark using CBCT in healthy patients. Therefore, in the present study, CBCT was used to evaluate the anatomy of the NC for increasing spatial resolution, voxel size and thickness size, while decreasing radiation dose.
MATERIAL AND METHODS
Local IRB approved the retrospective analysis study (No:36290600/95). A power analysis was conducted and it was indicated that the minimum sample size should be at least thirty-two patients (α: 0,05, power: 80%). The study conducted retrospective evaluation of medical records of forty-nine Caucasian patients, who were admitted to our outpatient clinic for pre-orthodontic evaluation and underwent standard dental CBCT. During CBCT examinations informed consents were obtained from all patients. History of lacrimal, orbital, maxillofacial, or nasal diseases or surgeries was noted for these patients.
Images were obtained using Planmeca Promax 3D Max (Planmeca, Helsinki, Finland), with 26-seconds, 130x130-mm and 230x160-mm field of view (FOV), 96-kVp, 12-mA, 0.400-mm 3 and 0.8-mm thickness size. During CBCT scans, patients were stabilized in a vertical stand-up position, with a headband and chin support, and monitored throughout the duration of the scan to ensure stillness.
Morphologic features of NC were measured in axial and sagittal planes. A senior dentomaxillofacial radiologist made all measurements, twice.
Image constructions and analysis were performed on 21.3 inch flat-panel color-active matrix TFT medical display (NEC MultiSync MD215MG, Munchen, Germany) with 2048x2560 resolution at 75 Hz and 0.17 mm dot pitch operated at 11.9 bits.
The following variables were measured: dimensions of the upper end of NC, the middle part of NC, and the lower end of NC ( Figure 1 ), length of NC, and the angle between NC and Frankfurt horizontal plane ( Figure 2 ). Statistical analysis was done using SPSS software (SPSS 17, Chicago, IL, USA) (p≤0.05). To assess intra-observer reliability, the Wilcoxon matched-pairs signed rank test was used for repeat measurements. Pearson's chi square test was performed for statistical analysis of differences in localization and measurements (p <0.05).
RESULTS
The study group consisted of CBCT images of fortynine Caucasian patients (23 female 46.9% and 26 male 53.1%). Among the group, 10 patients were ≤18, 21 patients were ≤40, 16 patients were ≤65. 2 patients were >65 years of age and the mean age was 35.46 years (min 16-max 81).
Morphometric measurements of the NC (Dimensions of the upper end, the middle part and the lower end of NC) are presented in Table 1 . Linear and angular measurements of the NC (the length of NC and angle between the NC and Frankfurt horizontal plane) are presented in Table 2 . According to these data, there was no significant difference between sides (p>0.05) ( Table 3 ). The only statistically significant difference observed between the right and left sides was the angle between the NC and Frankfurt horizontal plane. The angle between the NC and Frankfurt horizontal plane was higher on the right side (p=0.011) ( Table 3 ).
The diameter of the NC consistently increased between three landmarks (p<0.05) ( meaningful correlation in the variables was recorded between some dimensions of the NC and the angle between NC and Frankfurt horizontal plane. As the transverse dimensions of the upper end of the NC increased, the angle between the NC and Frankfurt horizontal plane also increased (p=0.01). As the transverse and sagittal dimensions of the lower end of the NC increased, the angle between NC and Frankfurt horizontal plane also increased (p<0.05) ( Table 4 ).
DISCUSSION
DCR is a fairly simple outpatient procedure, presenting a good option for patients with obstruction of the nasolacrimal duct. Of course, surgeons will have their own preferences in particular aspects of the surgery, but both a complete preoperative evaluation and anatomical knowledge of the operating site is for sure crucial to ensure success for this surgery. The present study therefore aims to discuss the anatomy of the NC.
CBCT is an imaging modality, which has become essential in diagnosis and treatment planning in all areas of medicine, including oral surgery, ENT, orthopaedics, and interventional radiology. Total radiation doses from dental CBCT imaging are lower than other computed tomography (CT) exams. The standard of care to decrease time and patient dose is to use the smallest FOV and voxel size, lowest mA setting, and shortest exposure time. 7 In literature, there are a great number of studies investigating the anatomy of the NC with the CT, however the number is very few when it comes to CBCT.
A study by Fasina et al. observed that the female NC diameter was narrower than male patients but was not significant between age groups. They could not find a difference in diameter between two sides, which is in agreement with the present study. 8 The study by McCormick and Franzco also reported wider NC diameter in male gender. 9 In addition, they evaluated racial differences and reported no significant difference between New Zealand Maoris and Caucasians. A study evaluating NC length and volume concluded that these parameters were higher in male gender. 10 The study by Lee et al. also involved the paediatric population and found no significance between genders, while significant results on the angle between the bony NC and the nasal floor were observed between paediatric age groups. 11 As presented above, CT studies evaluating the NC anatomy also evaluated age, gender and racial differences, which was lacking in the present study. However, dimensions of the upper end of NC, the middle part of NC, and the lower end of NC, length of NC, angle between NC and Frankfurt horizontal plane, which were evaluated in the present study, had seldom been examined before. The only study found was by Takahashi et al. reporting that the shortest anteroposterior and transverse diameters were at the entrance of the bony NC, which was in accordance with the present study. 12 A study by Altun et al, examined the NC morphometry in unilateral cleft lip/palate (CLP) patients with CBCT and compared their findings with healthy patients. 13 The nasolacrimal duct diameter on the side of unilateral CLP was narrower. However, NC length was not affected. Although this study used CBCT in order to evaluate the NC, it was not comparable to the present study because of the patient population.
Another matter to address when discussing DCR is patient age. DCR is pointed out as a simple outpatient procedure for adults, whereas for infants difficult and serious consequences may arise. All measurements in the present study were made on adults, thus paediatric population should be evaluated separately.
CONCLUSION
Being aware of the healthy nasolacrimal anatomy and having insight of the dimensions of the area in question is important to any surgeon in order to achieve success during surgeries. Knowledge of the anatomy is also crucial in predicting possible obstruction sites in the lacrimal system. Surgeons must keep their knowledge up-to-date about the diameters and course of the NC, in order to avoid surgical complications. This study provides knowledge on NC anatomy; nevertheless, the research should be carried forward with a larger database and with additional landmarks to clarify anatomic relations between the NC, maxillary sinus, semilunar hiatus, nasal floor and orbital floor.
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